The p7-integrin subunit can pair with two a-chains, a4 and aE, and is expressed mainly on lymphocytes. As an a4-heterodimer it binds t o the mucosal addressin MAdCAM-1, thus acting as a mucosal homing receptor. As an aE-heterodimer it binds to E-cadherin and is mainly found on intestinal intraepithelial lymphocytes. Consequently, p7 is mostly expressed on lymphocytes of the mucosal immune system. To study the compartmentalization of these cells further we compared the distribution of such lymphocytes in two strains of mice (BALBIc and NOD) and found that the distribution of p7-positive lymphocytes among various lymphoid tissues in these strains was very different. In NOD mice a conspicuous population of p7-integrinhigh lymphocytes expressing either a4, aE, or both, was found in nonmucosal lymphoid tissues such as peripheral lymph nodes (PLNs). They mostly expressed the PLN homing receptor L-selectin, and included both naive and memory cells on the basis of OMING RECEPTORS and vascular addressins medi-H ate tissue-selective interactions between lymphocytes and vascular endothelium.' They enable the circulating lymphocyte to interact selectively with endothelium in a given tissue or organ system and to home back to the proper organ once the lymphocyte has been activated in lymphoid tissue draining that region.'a3 Some of the human and murine molecules that mediate lymphocyte homing have been biochemically characterized, purified, and their genes cloned, and detailed information about their function and ligands is available. The homing of lymphocytes to mucosal lymphoid tissues like Peyer's patches (PP) is mediated by the mucosal homing receptor (a4/p7-integrin)? which binds to the mucosal vascular addressin (MAdCAM-1)5-7 on vascular endothelium. The homing of lymphocytes to peripheral lymph nodes (PLNs) is dependent on L-selectin (peripheral node homing receptor): which binds to peripheral vascular addressins consisting of sialylated glycoproteins?." In addition, LFA-1 (CDlldCD18) and VLA-4 (a4/pl) have accessory roles in lymphocyte homing as they interact with their endothelial ligands (ICAMs and VCAM-1, re~pectively).'*-'~ Lymphocytes isolated from various lymphoid tissues have a tendency The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. section 1734 solely to indicate this fact. 0 1996 by The American Society of Hematology. 0oW-4971/96/8803-0028$3.00/0 their expression of CD44lpgp-1 and CD45RB. as did the few p7high lymphocytes in BALBlc PLNs. Their homing to Peyer's patches (PPs) and PLNs was equally effective and the cells homing to PPs and PLNs were equal in their level of L-selectin and a4Ip7 expression. However, functional studies indicated that their homing to PPs mostly depended on a41p7-integrin, whereas they mainly used L-selectin to home to PLNs. p7hi9h lymphocytes were found also in circulating blood of unmanipulated NOD mice, and their L-selectin expression was higher than in BALBlc mice. These results show that lymphocytes of the mucosal immune system may also express the peripheral node homing receptor L-selectin during their recirculation and that in NOD mice they frequently retain a dual homing specificity, which leads to their accumulation in nonmucosal tissues.
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to home back most efficiently to the same tissue. When injected into circulation, mucosal lymphocytes tend to home to mucosal lymphoid tissues, whereas PLN lymphocytes home most efficiently to PLNs. 15 Heterodimeric integrin molecules consist of a -and pchains that may pair in multiple combinatiomi6 In addition to a4, the 07-integrin is known to pair with another a-chain, aE." This a-chain is predominantly expressed on intestinal intraepithelial lymphocytes (IELs) and mediates their binding to epithelial via interactions with E-cadherin. IELs are a heterogeneous population of T cells that form sublineages according to their expression of Tcr-chains, CD8-chains, CD4, and other markers in various combinations. It is likely that many IELs develop in the intestinal epithelium in situ and may, therefore, escape selection mechanisms that direct the trimming of the thymic T-cell repert~i r e . '~ In fact, E L s which bear an autoreactive Tcr are found in mice transgenic for a Tcr recognizing an HY-restricted major histocompatibility complex epitope of the host. 24 Lymphocytes that reside in the intestine and in mucosal lymphoid tissues are subject to an enormous antigenic stimulation load from the environment. Because of that, they represent a potential source of such lymphocytes that, after being activated by the environmental antigen, can also recognize a structurally similar self-antigen (by molecular mimicry) and, in theory, may be implicated in autoimmune disord e r~.~~ We studied the expression of homing-associated molecules on lymphocytes in different lymphoid compartments (peripheral and mesenteric lymph nodes, and mucosal PPs) in two mouse strains, the BALB/c and the nonobese diabetic (NOD) mouse which develops autoimmune diabetes and has inflammatory infiltrates in various organs. We found that while in BALB/c mice lymphocytes that express high levels of the P7-integrins (a4/p7 andor aWP7) are found practically only in mucosal lymphoid tissue and the intestine, in NOD mice T cells with the same phenotypes are present in peripheral lymphoid tissue as well. As expected by their high-level expression of a4/@7 (a mucosal homing receptor), their in vivo homing to PPs depended mainly on this homing receptor. However, the majority of all such lymphocytes in DUAL HOMING SPECIFICITY OF 07"' O" LYMPHOCYTES 935 NOD mice also expressed the peripheral node homing receptor L-selectin. In recirculation experiments in vivo, their homing to peripheral tissues was mainly dependent on Lselectin, showing that these lymphocytes are able to interact with vascular endothelium by both the mucosal and peripheral node homing receptors. This duality may explain the distribution of p7high cells not only in mucosal but also in peripheral tissues in NOD mice.
MATERIALS AND METHODS
Mice. Local colonies of NOD and BALB/c mice were bred and housed in the animal facilities at Turku University. Both strains of mice were kept under specific pathogen-free conditions. Microbiological tests were done regularly (Microbiology Laboratories, North Harrow, UK) and samples were found to be specific pathogen-free.
Of the MoAbs used in this study (Table l) , MoAb M290 reacts with an integrin a-chain (aE, CD103) preferentially expressed on lymphocytes in intestinal epithelium and MoAb DATK-32 recognizes a combinatorial epitope only expressed on a4/87-heterodimers. American Type Culture Collection (ATCC, Rockville, MD) antibodies were purified from supernatants of hybridoma cells. In d l experiments, control MoAbs were species and isotype matched.
Isolation of lymphocytes from lymphoid organs, thymus, and the blood. Lymphocytes were isolated from peripheral (inquinal, axillary, brachial and cervical) and mesenteric lymph nodes, PPs, and from the thymus by gently squeezing the organs in a glass-homogenizer. After filtering the homogenate the suspension containing the lymphoid cells was washed in phosphate-buffered saline (PBS) and cells were thereafter used for stainings or prepared for in vivo homing experiments. For isolation of blood lymphocytes RF'MI-medium
Monoclonal antibodies (MoAbs).
was injected into the left ventricle and, simultaneously, blood was drawn into a heparinized syringe from the right ventricle, or alternatively, a blood sample was simply drawn into a heparinized syringe after single intracardial puncture immediately after killing. Mononuclear cells including lymphocytes were isolated from these samples by Ficoll-gradient (Pharmacia, Uppsala, Sweden) centrifugation.
To compare the expression of endothelial adhesion molecules on postcapillary venules, cryocut sections of lymph nodes from age-and sex-matched BALB/ c and NOD mice were stained by an indirect immunoperoxidase method using peroxidase-conjugated goat Igs to rat IgG (Dako, Glostrup, Denmark) as the detecting antibody. Sections were slightly counterstained with hematoxylin. All comparisons between BALBl c and NOD mice were based on simultaneous stainings including samples from both strains, and photographs of the stained lymph node sections were taken in succession with similar exposure times to circumvent the possibility of obtaining any differences in staining intensity merely because of technical reasons. For detection of lymphocyte adhesion molecules, isolated lymphocytes were first incubated with MoAbs and thereafter with a second-step fluorescein isothiocyanate (FITC)-conjugated antibody (goat anti-rat IgC; Sigma, St Louis, MO) as described." For three-color stainings to determine the phenotype of @7-integrinhIgh lymphocytes the anti-87 MoAb was FITC-conjugated in our laboratory and the anti-aE MoAb, or the anti CD45RB MoAb, was used as a phycoerythrin (PE)-conjugate (PharMingen, San Diego, CA). For these stainings, anti-a4, anti-a4/D7, anti-L-selectin and anti-CD44/pgp-l MoAbs were biotinylated using NHS-biotin (Calbiochem, La Jolla, CA). In these stainings lymphocytes were simultaneously incubated with a mixture of the FITC-conjugated anti-87 MoAb, phycoerythrin-conjugated anti-aE MoAb (or PE-conjugated anti-CD45RB) and biotinylated anti-a4, anti-L-selectin, or anti-a4/07 MoAb ( To determine the homing behavior of f17h'Eh lymphocytes and to compare them to L-seIectinhlgh lymphocytes, fluorescently labeled cells were injected into recipient mice that were killed 30 minutes later and their lymphoid organs collected. After an in vitro staining of lymphoid cells with corresponding MoAbs and phycoerythrin-conjugated second-step antibody the cells were analyzed by flow cytometry (Fig 1) . To determine how different subsets of P7-integ1in~'~~ lymphocytes (positive for a4, a4P7, and/ or L-selectin) redistribute and home they were analyzed from PLNs and PPs of recipient mice after a 30-minute recirculation period for their homing receptor expression. To this end, NOD lymph node lymphocytes were first labeled with a fluorescent dye (5-chloromethylfluorescein diacetate, CMFDA; Molecular Probes, Eugene, OR) according to manufacturer's instructions and then, 20 X 10' labeled lymphocytes were injected intravenously (IV) into naive recipients which were killed 30 minutes later and their PLNs and PPs collected. Cell suspensions of these PLNs and PPs were then stained with an MoAb against the corresponding homing receptor determinant (see Table l ), then with PE-conjugated anti-rat K light chains (mouse anti-rat K light chains; Sigma), followed by biotinylated Fib504 (anti-P7-integrin MoAb), and finally with SA-PerCP (Becton Dickinson). When the cells were analyzed by flow cytometry only cells that were both CMFDA-labeled (IV injected) and P7-integrinhigh (stained with biotinylated antiLP7 and SA-PerCP) were included in the analysis and their homing receptor expression was determined as the level of phycoerythrin staining (which detected the MoAbs against a4-and cu4/P7-integrins and L-selectin). To determine the degree to which the P7-integrinhIgh lymphocyte population in NOD lymph nodes used the mucosal and peripheral node homing receptor, cu4/ high In vivo homing expuiments. 
adjusted to the desired final concentration. In these experiments, 10 x IO6 labeled and MoAb-treated lymphocytes (in 100 pL) were then injected IV into untreated NOD recipients. In other experiments, mice were first pretreated with IV injections of MECA-367 (antiMAdCAM-1) or 281.2 antibody (250 pg of purified antibody in a volume of 100 pL) and, 15 minutes later, 10 x lo6 labeled lymphocytes were injected into these mice. After a 30-minute recirculation period the mice were killed and lymphocytes were isolated from peripheral and mesenteric lymph nodes, from PPs, and from the blood as described. Initially, the inhibitory effect that MEL-14, Fib504, and MECA-367 had on homing of the total donor cell population was tested by analyzing all lymphocytes by flow cytometry. Then, their effect on the homing of p7hi8h lymphocytes in particular was determined. To analyze the percentage of p7hi8h lymphocytes among these cells, lymphocytes were stained with Fib504 and with a PE-conjugated second-step reagent (rabbit anti-rat K light chains; Sigma) or, alternatively, when cells were preincubated with MEL-14 or control MoAb, lymphocytes were stained with biotinylated Fib504 and phycoerythrin-conjugated streptavidin (SA-PE; Becton Dickinson). Only lymphocytes which were positive for channel 1 fluorescence (CMFDA-labeled lymphocytes) were included in the analysis to define P7-integrin expression among lymphocytes that were of donor origin and had homed to the lymphoid organ during the 30-minute recirculation period (Fig 1) .
Statistical significance for presented differences was calculated using two-tailed Student's t-test.
Srafisrical analysis.

RESULTS
Expression of homing-associated molecules on BALB/c and NOD lymphocytes. To screen for possible differences in lymphocyte recirculation capacity in NOD and BALB/c mice, lymphocytes were isolated from various lymph nodes (inquinal, axillary, brachial, cervical, and mesenteric) and from PPs, which represent mucosal lymphoid tissue (from 10 NOD and BALB/c mice, aged 6 to 10 weeks), and their expression of homing-associated molecules was studied. The expression of L-selectin, a4-, and pl-integrin and LFA-1 was equal in NOD and BALB/c lymphocytes (Fig 2A   through C) . In contrast to the comparable expression of p7-integrin among PP lymphocytes in both strains, a major difference in the expression of p7-integrin among lymph node lymphocytes of these strains existed. A population of lymphocytes which express high levels of P7-integrin was prominent in all peripheral and mesenteric lymph nodes of NOD mice but was almost absent in the lymph nodes of BALB/c mice (Fig 2B and C) . 0 7 -i n t e g r i r~~'~~ lymphocytes in NOD and BALB/c lymph nodes are phenotypically similar. To characterize the p7high lymphocytes of NOD mice and to compare them to those few of BALB/c mice, we took lymph node lymphocytes from both strains and examined them by two-and three-color immunofluorescence (Fig 3) . The majority of P7-integrinhiph lymphocytes in both strains were CD8+ T cells (73% to 78%) whereas a minority of them were CD4' T cells (1 1% to 14%; Fig 3A) . None of them reacted with the B-lymphocyte marker B220 (CD45) (not shown). For comparison, NOD and BALBk PP lymphocytes were stained similarly, which showed that most p7"gh lymphocytes in PPs of both strains were also CD8' T cells (not shown). The majority of p7high lymphocytes in both strains expressed high levels of L-selectin (75% to 82%) whereas a minority was L-selectin'"" (18% to 25%). A distinct population (22% to 38%) of these lymphocytes expressed low levels of CD45-RB and a small population (5% to 10%) expressed high levels of CD44, suggesting that they represent memory lymphocytes. To define the expression of the two alternative a-chains known to pair with p7, ie, a 4 and aE, NOD, and BALB/c lymph node lymphocytes were stained with three-color immunofluorescence to analyze the relative numbers of P7-integrin"gh lymphocytes expressing a 4 andor aE (Fig 3B) . In lymph node lymphocytes of both strains 70% to 90% of p7hi" lymphocytes expressed aE and 35% to 50% of these also coexpressed low levels of a4. In contrast, 10% to 30% of p7high lymphocytes expressed only a 4 and no (YE. . and expression of CD45RB on the ~~4 ' 1 p 7 "~ and on the CD44h'gh1p7h'gh lymphocytes. In (A). lymphocytes were stained for two-color fluorescence-activated cell sorting (FACS) and, in IB), for three-color FACS and, in each case, only /37-integrinhioh lymphocytes were analyzed for their expression of the indicated molecules. In (B), cursors were positioned according to stainings with isotype-matched control MoAbs except for the CD45RB dot-plots, in which the vertical cursor was positioned between CD45RBhigh and CD45RBi"'""d'"* cells.
phocytes that expressed (YE were often L-selectinhigh (65% to 75%) whereas p7hiph lymphocytes that expressed only a 4 and no (YE also included a more prominent subpopulation of L-selectin'"" lymphocytes (32% to 47%). The (YE' subpopulation expressed mostly intermediate levels of CD44 whereas the a4+IaE-cells mostly expressed relatively high levels of CD44. The a 4 + cells often ( 2 5 0 % ) expressed intermediateto-low levels of CD45RB (Fig 3B) . Because a proportion of lymph node 07-integrinhigh lymphocytes were phenotypically like naive lymphocytes (CD45RBhigh/CD44'"") we sought for differences in the expression of P7-integrin on maturing thymocytes in NOD and BALBk mice. In both strains the P7-integrinhish thymocytes were mainly CD8 single positive cells and they had a similar distribution of P7-integrin expression (not shown), suggesting that the increased number of P7-integrinhigh lymphocytes in NOD PLNs does not result from differential regulation of 0 7 expression on developing thymocytes. To test the possibility that the cells would be derived from the thymus-independent pool of intraepithelial lymphocytes, many of which express CD8 as (Y/(Y homodimers instead of a/@ heterodimers,'6 we examined the expression of CD8P on the f17high cells. However, with respect to their expression of CD8P. the /37hiSh cells did not differ from the rest of NOD PLN CD8' T cells, suggesting that there are no more thymus-independent cells among the p7h'gh cells than among other CD8 T cells (not shown).
Postcapillaly venules of NOD PwIs frequently express
MAdCAM-I. We examined the possibility that postcapillary high endothelial venules (HEVs) in NOD PLNs would differ from PLN venules in BALBk mice sufficiently to give rise to persistent homing of p7high lymphocytes. To this end, we stained PLN HEVs for the expression of vascular addressins and other endothelial adhesion molecules that interact with lymphocytes' homing-associated molecules. The expression of the non-tissue-specific endothelial adhesion molecules ICAM-1, VCAM-1, and CD3 WECAM-1 was equal in NOD and BALBk PLN venules (Fig 4A through C) as was the expression of the peripheral lymph node vascular addressin (PNAd; Fig 4D) . In contrast, the mucosal vascular addressin MAdCAM-I was expressed more often and with stronger intensity in PLN HEVs of NOD than of BALBIc mice (Fig 4E and F) .
pTph lymphocytes isolated from peripheral lymph nodes home both to peripheral and mucosal lymphoid tissues. Homing of p7high lymphocytes was analyzed by injecting fluorescently labeled cells to recipient mice. The labeling of lymphocytes enabled their analysis separately from host cells because they appeared as a distinct FL-I-positive population in flow cytometry (Fig SA) . p7high lymphocytes homed to PLNs, mesenteric lymph nodes (MLNs), and PPs with an almost equal efficiency, as did cells which expressed Lselectin (Fig SB) . After the 30-minute recirculation period P7-integrinhigh lymphocytes became slightly overrepresented in the blood whereas the relative number of L-selectin+ lymphocytes was diminished. To examine whether the homing behavior of different subsets of P7-integrinhigh lymphocytes varied according to their expression of homing receptors a4, a4Ip7, and L-selectin, the fi7high lymphocytes that had homed to PLNs or PPs after a 30-minute recirculation period were analyzed for their expression of a4, a4107, and Lselectin (see Materials and Methods). The relative numbers of p7high lymphocytes expressing L-selectin, a4, or a41p7 did not vary markedly between PLN and PP samples (Lselectin: 89% v 74%; a4: 61% v 62%; (~4107: 24% v 27% of p7high lymphocytes), indicating that, in their recirculation and homing, /37high lymphocytes behaved as a rather homogenous population of cells (Fig 5C) .
NOD PLN pPgh lymphocytes use both L-selectin and a4/ p7 f o r their homing. To compare homing receptor usage of p7bgh lymphocytes to that of other NOD PLN lymphocytes we first assessed the extent to which the homing of all PLN lymphocytes (Fig 6; first column of each column pair) depended on L-selectin, a41p7, and MAdCAM-1. The inhibition of homing that was achieved with MoAbs against these molecules is in accordance with the previous studies using different methods of labeling ~ells.~~***' Next, we assessed the extent to which the homing of p7high lymphocytes,
For personal use only. on October 3, 2017. by guest www.bloodjournal.org From in particular, depended on L-selectin, a4/p7 and MAdCAM-1. This was done by measuring the percentage of p7high-lymphocytes among IV injected lymphocytes that had homed to PLNs, to MLNs, and to PPs (see Figs 1 and 5A ). The homing of /37high lymphocytes to PLNs was efficiently blocked by anti-L-selectin MoAb MEL-14 because MEL-14 pretreatment inhibited their PLN-homing by 91% while the PLN-homing of the total cell population was inhibited by 74% (Fig 6) . Consequently, P7high-lymphocytes are even more dependent on L-selectin than other lymphocytes in their PLN-homing. The anti-a4/07 MoAb Fib504 had no apparent effect on the PLN-homing of lymphocytes as a whole population and the percentage of fi7hi6h lymphocytes among lymphocytes that had homed to PLNs was reduced by 15% after Fib 504 treatment. This implies that a4/p7 is unimportant for the PLN-homing of all lymphocytes and only of marginal importance in the PLN homing of p7high lymphocytes. In contrast, anti-P7 MoAb Fib 504 treatment inhibited homing of all lymphocytes to MLNs and to PPs considerably (Fig 6) . This treatment also resulted in a pronounced decrease in the homing of /37high lymphocytes to PPs and to MLNs, the inhibitory effect that MoAb Fib 504 had on their homing being 69% to MLNs and 87% to PPs compared with 40% and 72% inhibition for the total lymphocyte population, respectively. When donor lymphocytes were pretreated with MEL-14 the homing of p7high lymphocytes to PPs was, in tum, less affected than the homing of all lymphocytes (51% v 60% inhibition). These data show that a4/fl7-integrin is important in the homing of p7high lymphocytes to mucosal lymphoid tissues and that in their mucosal homing, /?7hi6h lymphocytes are less dependent than other cells on L-selectin. We also assessed whether the prominent expression of MAdCAM-1 (a4/p7 ligand) on PLN HEVs had any effect on the homing of P7high-lymphocytes (Fig 6) . Blocking endothelial MAdCAM-1 with MoAb MECA-367 inhibited the homing of all lymphocytes to PLNs by 37% and the homing of P7high-lymphocytes by 45%. MECA-367 inhibited the homing of all and of P7high-lymphocytes to MLNs by 86% and 8770, respectively. MECA-367 inhibited lymphocyte homing to PPs almost completely (99% to 100%) and neither p7hi6h lymphocytes nor other donor lymphocytes were recovered from PPs after this treatment. Thus, f17high lymphocytes preferentially use L-selectin to home to peripheral lymphoid tissues and a4/@7 to home to mucosal lymphoid tissues.
Circulating PPRh lymphocytes express various levels of L-selectin. To test the possibility that lj7high lymphocytes during the course of their natural recirculation could home to peripheral lymph nodes, we isolated blood lymphocytes from unmanipulated NOD and BALB/c mice and stained them for the expression of 87, aE, CD45RB, and L-selectin. The difference between NOD and BALB/c blood lymphocytes was similar to that observed in PLN lymphocytes: the population of circulating ,f37high and circulating aE+ lymphocytes was clearly more prominent in NOD than in BALB/c mice (Fig 7A) . With respect to the expression of CD45RB, circulating NOD and BALB/c p7high lymphocytes were similar, indicating that their naive versus memory cell distribution was equal (55% to 60% were of the memory phenotype, data not shown). In both strains, the p7hi6h lymphocytes expressed various levels of L-selectin, but in NOD mice, Lselectin expression was slightly more pronounced, and a small fraction of p7high lymphocytes in NOD mice were even L-selectinhigh (Fig 7B) .
DISCUSSION
The P7-integrins on lymphocytes are associated with the mucosal immune system. To study the compartmentalization of cells expressing high levels of P7-integrins (as a4107 and/or aEIP7) further, we compared the distribution of such lymphocytes in two strains of mice (BALBk and NOD) and found that, between these two strains, major differences in their distribution among various lymphoid tissues exist. Unlike in BALBk mice, in NOD mice a conspicuous population of P7-integrinhigh lymphocytes consisting of three subpopulations, according to their expression of the a-chain (a4/07+/ aEf07-cells; a4/P7+laEJP7+cells; and a4//?7-/aEI~7+cells), was found in nonmucosal lymphoid tissues. Most of these lymphocytes, including the aEIP7+cells, were CD8+ T cells like IELs but unlike IELs, many of these cells were also Lselectin+. The P7-integrinhigh lymphocytes contained lymphocytes of both naive and memoryleffector subtypes.
Although at much lower frequency, p7high lymphocytes were also found in PLNs of BALBk mice in this as well as in a previous study.17 Lefrancois et alZ8 found that a population of PLN lymphocytes in C57/BL mice express high levels of P7-integrin, suggesting that the number of these cells in PLNs varies between mouse strains. We have tested several strains (DBA, C57/BL, SJL, SWR, NON, NOR) for numbers of p7high cells in PLNsZ9 and found that although C57/BL mice have a relatively large population of lymphocytes expressing P7-integrin, the level of P7-integrin expression on these cells in C57IBL mice is clearly below that in NOD mice. The closely related nondiabetic strains NOR and NON mice have a population of ,B7high cells comparable to that in NOD mice, suggesting that the presence of increased numbers of p7high cells in PLNs represents a genetic trait common to mouse strains with a potentially autoimmuneprone background.
In both NOD and BALBk mice, p7h'gh lymphocytes found
BALB/c p7H' FBL in PLNs were phenotypically very similar: the majority expressed aE, either with or without a4, and a smaller fraction expressed a 4 alone. In both subsets of p7h'gh lymphocytes, there were those which expressed higher than average levels of CD44/pgp-1 and intermediate-to-low levels of CD45RB (especially the a4+ cells). Therefore, it is likely that a substantial part of the p7h'gh lymphocytes harbored in PLNs are memory cells. These cells are likely to represent lymphocytes that were previously activated in mucosal lymphoid tissues and, during their recirculation, spread to nonmucosal lymphoid tissues with an increased tendency in NOD mice.
Consistently, a population of p7h'gh lymphocytes was identified in the blood of unmanipulated NOD mice, which indicates that these cells recirculate and not merely represent a population that can be found in lymphoid tissues. Furthermore, the frequency of circulating p7h'gh lymphocytes that express L-selectin in NOD mice could be connected to their frequent homing to PLNs. Interestingly, a conspicuous proportion of BALB/c lymph node lymphocytes can also be induced to express aEIP7-integrin by in vitro treatment of these cells with transforming growth factor$ (TGF-P) and an antibody against the Tcrc0mp1ex.I~ Therefore, we considered the possibility that the presence of p7h'gh lymphocytes would merely be caused by environmental factors in NOD PLNs. To this end we depleted NOD PLN lymphocytes of ,B7+ cells, labeled the P7-depleted cells, and injected them into normal NOD recipients. In this experiment (data not shown), during 4 days of follow-up, no P7 expression developed in P7-depleted donor lymphocytes that were recovered from recipient lymph nodes. This favors the hypothesis that p7h'gh lymphocytes in NOD PLNs have homed aberrantly to these organs and not developed from lymphocytes already residing there. Although NOD mice are prone to develop autoimmune diabetes and may therefore harbor lymphocytes undergoing immune For personal use only. on October 3, 2017. by guest www.bloodjournal.org From stimulation in their lymphoid organs, we find it unlikely that a general immune stimulation would be the reason for finding many /37high lymphocytes in PLNs of NOD mice. This is based on the fact that the percentage of such lymphocytes did not increase with age in lymph nodes, irrespective of an increasing level of inflammation in the pancreas. Further, a study of human mucosal lymphocytes derived from bronchoalveolar lavages found no increase in the number of CUE/ P7+lymphocytes during asthma and berylliosis:' which suggests that expression of this integrin would not be subject to much upregulation during inflammation. On the other hand, lymphocytes expressing high levels of p7 are very abundant during the development of inflammatory infiltrates in the pancreas of NOD mice, suggesting that they are involved in the autoimmune pathology of these mice.
To study the recirculation and homing receptor usage of PClhigh lymphocytes that were accumulating in nonmucosal lymphoid tissues in NOD mice, NOD lymph node cells were isolated, fluorescently labeled, and, in some experiments, treated with antibodies against homing receptors, and then injected into nonmanipulated recipients. These studies indicated that P7"gh lymphocytes homed equally well to peripheral and mucosal lymphoid tissues. Because the p7"gh lymphocytes were divided into subpopulations according to their expression of a4/P7, aWP7, L-selectin, and (~4 , it was important to determine if these subsets dispersed in a different fashion during their recirculation and homing in the recipient mice. However, different P7-integrinhigh lymphocyte subsets appeared to behave in a similar fashion during their recirculation, since the proportions of p7high lymphocytes expressing a4, (~4//?7, or L-selectin were essentially the same in PLNs and in PPs. Therefore, they were studied as one subpopulation of lymphocytes also when determining their homing receptor usage by antibody treatments of injected cells. These treatments indicated that their homing to PLNs depended mainly on L-selectin, whereas their homing to mucosal lymphoid tissue depended mostly on a4/@7. Given the fact that ,87high lymphocytes contained a subpopulation of cells that were phenotypically effectodmemory cells (they expressed high levels of CD44 and low levels of CD45RB), it appears that at least a part of P7high lymphocytes can be viewed as mucosa-derived lymphocytes that normally home preferentially to mucosal tissues but appear to retain a dual homing-specificity in NOD mice. On the contrary, it is likely that the rest of the p7high lymphocytes are naive lymphocytes, given the fact that in the thymus, P7-integrin was also expressed on a subset of mature CD8+ thymocytes3' (and data not shown).
Because whole MoAbs were used for the inhibition of lymphocyte homing it is theoretically possible that injected lymphocytes which were coated with MoAbs would activate an immune response, resulting in their destruction. However, the observation time of the homing experiments was relatively short (30 minutes), meaning that there would be very little time for Fc-mediated removal of the injected cells. Furthermore, anti-L-selectin, anti-D7-integrin, and the control MoAb used were all of the same Ig isotype (IgG2a), which means that all cells irrespective of the MoAb treatment applied should be comparable. Thirdly, it is unlikely that Fc-mediated killing of injected, MoAb-coated cells could explain the differences in the percentages of p7high lymphocytes which, for example, were found in PLNs or MLNs, respectively.
Postcapillary venules in lymphoid tissues are lined by high endothelial cells that specialize in interacting with lymphocytes and in mediating lymphocyte extravasation and homing into the t i s s~e .~,~*~~ Therefore, we addressed the possibility that aberrant homing of p7"gh lymphocytes to all lymph nodes in NOD mice might be caused by inappropriate expression or function of vascular addressins or other endothelial adhesion molecules on these venules. Interestingly, we found that in adult mice, the mucosal vascular addressin MAdCAM-1 was expressed more frequently and more intensely on PLN HEVs of NOD mice than of BALB/c mice. In the recirculation assays, the anti-MAdCAM-1 MoAb MECA-367 inhibited PLN homing of all lymphocytes in NOD mice by 37%, whereas in another study, MECA-367 inhibited the homing of BALB/c lymphocytes to PLNs by 25%.27 This implies that aberrant MAdCAM-1 expression in NOD PLNs affects lymphocyte homing. However, the homing of P7high-lymphocytes to PLNs was inhibited most effectively by anti-L-selectin MoAb, this inhibition being much more pronounced for these lymphocytes than for lymphocytes in general. Therefore, despite their high-level expression of /37-integrin, their homing to PLNs is mediated by L-selectin rather than by an a4Ip7-MAdCAM-1 interaction. At a young age, when p7"gh lymphocytes are numerous in PLNs of BALB/c (and other) mice, MAdCAM-1 is expressed at moderate levels on PLN HEVS?~ During the first weeks of life, however, MAdCAM-1 expression rapidly declines which coincides with the disappearance of ,B7high lymphocytes from PLNs. This natural association supports a role for MAdCAM-1 in the homing of p7high lymphocytes to PLNs at an early age, and may therefore also affect their sustained homing in NOD mice. Given the fact that the anti-L-selectin MoAb effectively inhibited the homing of /37high lymphocytes to PLNs but the anti-07 MoAb failed to do so, MAdCAM-1 could perhaps be involved, together with the peripheral vascular addressins, in the presentation of carbohydrate ligands to L-~electin.~~
In conclusion, our results show that lymphocytes which, according to their surface phenotype, can be viewed as mucosa-associated effectodmemory cells have a dual homing specificity and may also home to nonmucosal (peripheral) lymphoid tissues in NOD mice. A substantial proportion of these cells also express the peripheral node homing receptor L-selectin which selectively mediates their homing to peripheral lymphoid tissues. Although the consequences of this dual homing specificity of these cells remains elusive, they could be implicated in the immune pathology of NOD mice by enhancing the spreading of antigen-experienced lymphocytes to unrelated tissues where potential autoantigens could hence become exposed. 
